INTRODUCTION
The brilliant researches in the field of vitamins in animal nutrition have led many investigators to study the effect of accessory factors on growth of green plants, yeasts, and bacteria. Although positive results have been claimed, critical study of the literature will disclose the fact that, as yet, no organic substance is known to be essential to normal healthy growth of green plants grown in properly controlled mineral nutrient solutions. The so-called "auximones" of Bottomley (1914 a, b) can no longer be accepted and the term should be dropped (Wolfe, 1926) . Likewise, the work of associates (1922, 1923, a, b) , Tanner and associates (Tanner, 1924, Wallace and Tanner, 1928) , and Werkman (1925) have demonstrated that "bios," supposedly essential for the growth of yeasts, is not essential, and merely acts as a favorable source of organic nitrogen or other food. Werkman's work was particularly rigid. He isolated several strains of yeasts by single cell technique, grew them in a very carefully purified mineral salt solution, with a synthetic sugar as the only organic compound, and transferred them into fresh media every two or three days for five months, at the end of which time they were still viable. There has been little critical work on the necessity of accessory factors for the growth of bacteria. While it is known that certain bacteria, such as the Pfeiffer bacillus, need minute amounts of blood or vegetable tissue for normal development, yet it is a common experience that many bacteria grow well in purely synthetic media.
Recent publications of Sanborn (1926 a, b, 1927) , in which the terms "accessory," "stimulating" and "essential" are apparently used interchangeably, have appeared, and the data contained therein are interpreted by their compiler as indicating that certain s-ubstances found in vegetable extracts, soil, and the metabolic products of Azotobacter chroococcum and other bacteria are essential, stimulating, or accessory to, the "physiological efficiency" of a cellulose decomposing bacterium. Essential the substances are not, as shown by Sanborn's own data. Stimulating to growth they are, but, as shown by Werkman (1927) , they do not act as accessory substances in the way that vitamins act on animal growth as implied by Sanborn, but merely as readily available organic food. Werkman showed this to be true not only of Sanborn's data but also of those of Itano (1923) on "accessory" substances in the nutrition of Azotobacter itself. Werkman, however, while explaining the increased growth in terms other than those implying accessory substances, did not attempt to explain what Sanborn called "physiological efficiency," nor did he do any work on the elaboration of these "essential substances" in associative action.
"Physiological efficiency," as I understand it from Sanborn's papers, means cellulose-decomposing ability as measured by increase in acidity. Whether the acidity is due to the acid intermediate products of cellulose decomposition, or to the freeing of the SO4 ion from the ammonium sulphate in the media, due to the absorption of the NH4 radical by the organism, Sanborn did not state. The "physiological acidity" of ammonium salts is well known to plant physiologists, agronomists, and bacteriologists.
I propose to subject Sanborn's data and other data accumulated by myself in the past thirty months to critical analysis and see if a better explanation for the results may not be deduced. Certainly an explanation depending upon the known physiology of organisms is preferable to one based upon a hypothetical substance, whose mode of action (if the substance exists) is a mystery. This is especially desirable when we consider the fate of the terms "auximone," "bios," "allelocatalytic substances," etc.
Unfortunately, I could not use the organism that Sanborn worked with as I was unable to obtain a culture from him. Instead, I used four organisms, two of which are well known and fairly easily isolated, and the identical strains of three of which may probably be obtained. They are Spirochaeta cytophaga from P. H. H. Gray of Rothamsted, England, Trichoderma keningil from Professor Waksman of Rutgers University and the "Y" organism from Dr. Dubos (1928) , now of the Rockefeller Institute. I also used a culture of sterile mycelium isolated by myself from soil, which unfortunately has since died out. Although I hesitate to use the data obtained by means of a culture which, because of its nature, cannot be described, and which is no longer obtainable, I include them since they merely corroborate data of Sanborn and myself. The "associative" organism was a strain of Azotobacter chroococcum isolated by Beijerinck and cultivated by Dean Lipman of Rutgers University for more than a quarter of century. This is a modification of the well known solution of McBeth and Scales (1913) who added an excess of CaCO3. It was found that some of the organisms did not grow in either of the media due to the extremely high pH. Therefore, McBeth's and Scales' solution was modified by omitting the CaCO3 and substituting NaCl for Na2CO3. In certain cases the reaction was changed further by the addition of NaOH or HCI. All four of my organisms grew well in this solution with filter paper as the source of energy. In some instances, to be explained later, an equivalent amount of KNO3 was substituted for the (NH4) 2SO4. In every case the I Trichoderma sp. used by Heukelekian and Waksman (1925) was identified as T. k6ningi. sterilized nitrogen compound was added aseptically after sterilization of the medium.
As a source .of "cellulose," Sanborn used filter paper in a few instances, but usually "unginned and chemically-untreated" raw cotton. Since he made no chemical analyses to determine the amount of cellulose decomposed, but depended upon the change in the pH, it is obvious that he may have been measuring not cellulose decomposition, but the decomposition of any one or many of the other compounds in raw and unginned cotton. Very small changes in acidity would register as large changes in pH in a Table 1 shows that a very significant lowering of the pH in media containing (NH4)2SO4 can be brought about without a measurable amount of cellulose decomposition. Furthermore, it shows that the "physiological efficiency" of an organism as measured by Sanborn is probably its nitrogen uptake. These results are different from Sanborn's in that A. chroococcum had little or no effect on the change of pH. To explain this discrepancy, we must remember that T. k6ningi, as shown by Heukelekian and Waksman (1925) , decomposes cellulose completely to CO2 and H20, leaving little or no intermediate by-products. Now if we had a cellulose decomposing organism which formed byproducts utilizable by A. chroococcum, we ought to get a development of A. chroococcum which would utilize the nitrate or ammonium radical, and therefore we should get a quicker change to the basic or acid reaction. This might happen without any difference in the amount of cellulose decomposed. To test this possibility, experiments like the former, but with the China blue-rosolic acid indicator (Bronfenbrenner, 1918) recommended by Sanborn, were set up. The medium to contain the ammonium salt was adjusted to a reaction bright red to the indicator, and the medium to contain the nitrate to a distinct blue. They were inoculated as shown in tables 2 and 3. The experiment was repeated, with similar results.
Except for the T. k6ningi cultures, these results are exactly like Sanborn's, so far as the ammonium sulphate cultures are concerned. The results with potassium nitrate are perfectly compatible with his if we admit that the change in reaction is not due to the organic acids of cellulose decomposition but to selective absorption of ions. It was noticed in all cultures containing Azotobacter except those also containing T. koningi that there was a good development of Azotobacter on the exposed paper, detected by the typical slimy growth turning dark. These cultures also changed reaction more quickly and the change was first evident on the paper where the growth of Azotobacter was seen. My explanation is that the by-products of the cellulose decomposition were utilized by A.-chroococcum whith used the ammonium or the nitrate radical as a source of N, hastening the change in reaction. It is known that the by-products of S. cytophaga support growth of A. chroococcum (Hutchinson and Clayton, TABLE 4 The influence of the growth of Azotobacter on the decomposition of cellulose by touched after once being placed in the flask and, since exactly equal amounts could not be placed above the surface of the liquid, the only location where decomposition takes place rapidly with molds, the differences between replicates were large. The reaction was about pH 7; CaCOs was not added. Table 5 shows the results with the Mycelia sterila culture. Due to the conditions necessary for growing molds in liquid culture with filter paper, the results are not as striking as with S. cytqphaga. However, they indicate that no great increase in cellulose-decomposing ability, if any, is effected by A. chroococcum when grown with the mold, even though tables 2 and 3 show that the reaction change was very much modified in the early stages of growth. The heavy growth of Azotobacter in this experiment (as well as the previous ones on the decomposition products of the sterile mycelium) shows that the statement of Waksman (1927) that cellulose is decomposed by molds completely to C02 and H20 is not universally true. It may, however, be true in most cases. DISCUSSION Sanborn's results are in nearly every case perfectly compatible with mine. Even though it was the cellulose which was decomposed in his experiments rather than the other substances of the crude cotton, the rapid change in pH in the cultures containing A. chroococcum could well have been caused by the withdrawal of the ammonium radical by Azotobacter which utilized the intermediate products of the decomposition of the cellulose by the other organism in the culture. It is known that both S. cytophaga and the cellulose bacteria of Kellerman and his associates (genus "Cellulomonas" like Sanborn's organism) do not decompose cellulose completely to C02 and H20 but elaborate several organic by-products. Thus my explanation should fit in with the known physiology of the organisms. Also, T. kdningi, which has been shown by others to secrete few or no intermediate products, is not affected by associative action of A. chroococcum. Furthermore, A. chroococcum is known to utilize a number of organic compounds as sources of energy, including products of cellulose decomposition, and is also known to use ammonium and nitrate salts in preference to atmospheric nitrogen. These two facts also fit in with the explanation I have given. These points may be verified by reference to original papers cited by Waksman (1927) and Bonazzi (1921) . SUMMARY 1. In media containing an ammonium salt and cellulose, Azotobacter chroococcum increased the rapidity of change toward an acid reaction in the decomposition of cellulose by Spirochaeta cytophaga, a strain of sterile mycelium, and the "Y" organism of Dubos.
